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Abstrat
In the Standard theory of neutrino osillations is used sheme of mass
mixings, i.e., osillation parameters are expressed via terms of mass ma-
trix. In this work neutrino osillations generated by harge (the weak in-
teration ouple onstants) mixings are onsidered. Expressions for angle
mixings and lengths of osillations are obtained. The expressions of the
probability for three neutrino osillations are given. Neutrino osillations
in this sheme (mehanism) are virtual if neutrino masses are not equal
and real if neutrino masses are equal.
PACS numbers: 14.60.Pq; 14.60.Lm
1 Introdution
The suggestion that, in analogy with Ko, K¯o osillations, there ould be
neutrino-antineutrino osillations ( ν → ν¯), was onsidered by Ponteorvo
[1℄ in 1957. It was subsequently onsidered by Maki et al. [2℄ and Pon-
teorvo [3℄ that there ould be mixings (and osillations) of neutrinos of
different flavors (i.e., νe → νµ transitions).
In the general ase there an be two shemes (types) of neutrino mix-
ings (osillations): mass mixing shemes and harge mixings sheme (as it
takes plae in the vetor dominane model or vetor boson mixings in the
standard model of eletroweak interations) [4℄.
In the Standard theory of neutrino osillations [5℄ is supposed that
physially observed neutrino states νe, νµ, ντ have no definite masses and
they are diretly produed as mixture of the ν1, ν2, ν3 neutrino states. And
if neutrino osillations are generated by the neutrino mass matrix, then
neutrino mixing parameters are expressed via elements of the neutrino
mass matrix.
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The mass lagrangian of two neutrinos (νe, νµ) has the following form
(for simplifiation the ase of two neutrinos is onsidered):
LM = −12
[
mνe ν¯eνe +mνµ ν¯µνµ +mνeνµ(ν¯eνµ + ν¯µνe)
] ≡
≡ −1
2
(ν¯e, ν¯µ)

 mνe mνeνµ
mνµνe mνµ



 νe
νµ

 , (1)
whih is diagonalized by rotation on the angle θ and then this lagrangian
(1) transforms into the following one (see ref. in [5℄):
LM = −1
2
[m1ν¯1ν1 +m2ν¯2ν2] , (2)
where
m1,2 =
1
2
[
(mνe +mνµ)±
(
(mνe −mνµ)2 + 4m2νµνe
)1/2]
,
and angle θ is determined by the following expression:
tg(2θ) =
2mνeνµ
(mνµ −mνe)
, (3)
νe = cosθν1 + sinθν2,
νµ = −sinθν1 + cosθν2. (4)
Then νe, νµ masses are:
mνe = m1cos
2θ +m2sin
2θ,
mνµ = m1sin
2θ +m2cos
2θ, (5)
in ontrast to the primary supposition that νe, νµ, µτ neutrinos have no
definite masses.
The probability of νe → νe is given by the following expression:
P (νe → νe) = 1− sin2(2θ)sin2((m22 −m21)/2p)t, (6)
where
sinθ =
1√
2

1− |mνµ −mνe|√
(mνµ −mνe)2 + (2mνeνµ)2

 , (7)
or
sin2(2θ) =
(2mνeνµ)
2
(mνe −mνµ)2 + (2mνeνµ)2
. (8)
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Then the nondiagonal mass term mνeνµ of the mass matrix in (1) an be
interpreted as width of νe ↔ νµ transitions [4℄.
In this standard theory of neutrino osillations neutrino osillations are
real even when neutrino masses are different therefore the law of energy
momentum onservation is violated. In the orreted theory of neutrino
osillations [6℄ the law of energy momentum onservation is fulfilled and
neutrino osillations are virtual if neutrino masses are different and real if
neutrino masses are equal.
It is neessary to note that in physis all the proesses are realized
through dynamis. Unfortunately, in the above onsidered mass mixings
sheme the dynamis is absent. Probably, this is an indiation of the fat
that this sheme is inomplete one, i.e., this sheme requires a physial
substantiation. Below we onsider neutrino osillations whih appear in
the sheme of harge (ouple onstant) mixings, i.e. by using dynamis
[4℄.
2 Theory of Neutrino Osillations in the Framework
of Charge Mixings Sheme
At first we onsider a ase of two neutrino mixings (osillations) and then
we onsider the ase of three neutrino osillations.
2.1 The Case of Two Neutrino Mixings (Osillations) in the
Charge Mixings Sheme
In this sheme (or mehanism) the neutrino mixings or transitions an
be realized by mixings of the neutrino fields in analogy with the vetor
dominane model (γ − ρo and Zo − γ mixings), the way it takes plae in
the partile physis. Then, in the ase of two neutrinos, we have
ν1 = cos θνe − sin θνµ, (9)
ν2 = sin θνe + cos θνµ.
The harged urrent in the standard model of weak interations for two
lepton families has the following form:
jα =
(
e¯µ¯
)
L
γαV

 νe
νµ


L
,
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V =

 cos θ − sin θ
sin θ cos θ

 , (10)
and then the interation Lagrangian is
L = g√
2
jαW+α + h.c. (11)
and
νe = cos θν1 + sin θν2
νµ = − sin θν1 + cos θν2. (12)
The lagrangian (10)-(11) an be rewritten in the following form:
L = g√
2
jαW+α + h.c., (13)
where jα is
jα =
(
e¯µ¯
)
L
γα

 ν1
ν2


L
.
And the mass matrix is 
 m1 0
0 m2

 .
In this ase the neutrino osillations annot take plae, and even if neutrino
osillations take plae, then there must be ν1 ↔ ν2 neutrino osillations
but not νe ↔ νµ osillations.
In this point some questions arise. Where have we taken νe, νµ neu-
trinos if in the weak interations, given by expression (13), ν1, ν2 neutri-
nos are produed? From the all existent aelerator experiments very well
know that in the weak interations νe, νµ neutrinos are produed and that
the lνe, lνµ lepton numbers are well onserved ones. Obviously we must
solve this problem. So, ν1, ν2 neutrinos are eigenstates of the weak intera-
tions when we take mixing matrix V into aount and νe, νµ neutrinos are
eigenstates of the weak interations with W,Zo boson exhanges. Then we
have to rewrite the lagrangian of the weak interation in the orret form
to desribe neutrino produtions and osillations orretly. Then
L = g√
2
jαW+α + h.c. (14)
where jα is
jα =
(
e¯µ¯
)
L
γα

 νe
νµ


L
,
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How are the lepton numbers violated? It is neessary to suppose that after
νe, νµ prodution the violation of lepton numbers takes plae, i.e.,

 νe
νµ


L
= V

 ν1
ν2


L
, V =

 cos θ − sin θ
sin θ cos θ

 , (15)
and then νe, νµ neutrinos beome superpositions of ν1, ν2 neutrinos.
νe = cosθν1 + sinθν2,
νµ = −sinθν1 + cosθν2. (16)
Taking into aount that the harges of ν1, ν2 neutrinos are g1, g2, we get
g cos θ = g1, g sin θ = g2, (17)
i.e.
cos θ =
g1
g
, sin θ =
g2
g
. (18)
Sine sin2 θ + cos2 θ = 1, then
g =
√
g21 + g
2
2
and
cos θ =
g1√
g21 + g
2
2
, sin θ =
g2√
g21 + g
2
2
. (19)
Sine we suppose that g1 ∼= g2 ∼= g√
2
, then
cos θ ∼= sin θ ∼= 1√
2
. (20)
In the general ase the ouple onstants g1, g2 and g an have no on-
netions and then we obtain only expressions (19).
What happens with the neutrino mass matrix in this ase? The primary
neutrino mass matrix has the following diagonal form:

 mνe 0
0 mνµ

 , (21)
sine in the weak interations (with W,Zo bosons) the lepton numbers are
onserved and then νe, νµ are eigenstates of these interations.
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It is interesting to note that the same situation takes plae in the quark
setor when we onsider Ko, K¯o osillations. In the strong interations on-
ly d, s, b quarks are produed and the aroma numbers are well onserved
in these interations, i.e., these states are eigenstates of the strong inter-
ations. Then osillations appear while at violating the aroma numbers by
the weak interations with the Cabibbo-Kobayashi-Maskawa matries.
Then due to the presene of terms violating the lepton numbers, the
nondiagonal terms appear in this matrix and then this mass matrix is
transformed into the following nondiagonal matrix (the ase when CP is
onserved ): 
 mνe mνeνµ
mνµνe mνµ

 , (22)
then the masses lagrangian of neutrinos takes the following form:
LM = −12
[
mνe ν¯eνe +mνµ ν¯µνµ +mνeνµ(ν¯eνµ + ν¯µνe)
] ≡
≡ −1
2
(ν¯e, ν¯µ)

 mνe mνeνµ
mνµνe mνµ



 νe
νµ

 . (23)
Masses lagrangian of the new states obtained by diagonalizing of this ma-
trix while rotating on angle θ, has the following form (these states are
namely the same weak interations states onsidered above):
LM = −1
2
(ν¯e, ν¯µ)V
−1

 mν1 0
0 m2

V

 νe
νµ

 =
−1
2
(ν¯e, ν¯µ))

 m1cos2θ +m2sin2θ (m2 −m1)cosθsinθ
(m2 −m1)cosθsinθ m1sin2θ +m2cos2θ



 νe
νµ

 =
−1
2
[m1ν¯1ν1 +m2ν¯2ν2] , (24)
where ν1, ν2 are eigenstates and m1, m2 are their eigenmasses and from
expressions (23), (24) we obtain
ν1 = cosθνe − sinθνµ,
ν2 = sinθνe + cosθνµ,
(25)
mνe = m1cos
2θ +m2sin
2θ,
mνµ = m1sin
2θ +m2cos
2θ, (26)
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mνeνµ = (m2 −m1)cosθsinθ,
or
m1 =
(mνecos
2θ −mνµsin2θ)
(cos2θ − sin2θ) ,
m2 =
(mνesin
2θ −mνµcos2θ)
(cos2θ − sin2θ) , (27)
where sinθ, cosθ are given by expressions (19)
Then ∆m2 = m22 −m21 is
∆m2 =
(m2νµcos
4θ −mνesin4θ)
(cos2θ − sin2θ)2 . (28)
The expression for time evolution of ν1, ν2 neutrinos (see exp. (25)-(27)
with masses m1 and m2 is
ν1(t) = e
−iE1tν1(0), ν2(t) = e−iE2tν2(0), (29)
where
E2k = (p
2 +m2k), k = 1, 2.
If neutrinos are propagating without interations, then
νe(t) = cosθe
−iE1tν1(0) + sinθe−iE2tν2(0),
νµ(t) = −sinθe−iE1tν1(0) + cosθe−iE2tν2(0). (30)
Using the expression for ν1 and ν2 from (25), and putting it into (20), one
an get the following expression:
νe(t) =
[
e−iE1tcos2θ + e−iE2tsin2θ
]
νe(0)+
+
[
e−iE1t − e−iE2t] sinθ cos θνµ(0), (31)
νµ(t) =
[
e−iE1tsin2θ + e−iE2tcos2θ
]
νµ(0)+
+
[
e−iE1t − e−iE2t] sinθcosθνe(0).
The probability that neutrino νe produed at time t = 0, will be trans-
formed into νµ at time t, is an absolute value of amplitude νµ(0) in (31)
squared, i. e.
P (νe → νµ) =| (νµ(0) · νe(t)) |2=
7
=
1
2
sin2(2θ)
[
1− cos((m22 −m21)/2p)t
]
, (32)
where it is supposed that p≫ m1, m2 and Ek ≃ p+m2k/2p.
The expression (32) presents the probability of neutrino flavor osilla-
tions. The angle θ (mixing angle) haraterizes the value of mixing. The
probability P (νe → νµ) is a periodial funtion of distanes where the
period is determined by the following expression:
Lo = 2π
2p
| m22 −m21 |
. (33)
And probability P (νe → νe) that the neutrino νe produed at time
t = 0 is preserved as νe neutrino at time t, is given by the absolute value
of the amplitude of νe(0) in (31) squared. Sine the states in (31) are
normalized states, then
P (νe → νe) + P (νe → νµ) = 1. (34)
So, we see that flavor osillations aused by nondiagonality of the
neutrinos mass matrix violate the law of the −ℓe and ℓµ lepton number
onservations. However in this ase, as one an see from exp. (34), the full
lepton numbers ℓ = ℓe + ℓµ are onserved.
It is neessary to stress that neutrino osillations in this sheme (meh-
anism) are virtual if neutrino masses are different and real if neutrino
masses are equal and these osillations are preserved within the unertain-
ty relations.
2.2 The Case of Three Neutrino Mixings (Osillations) in the
Charge Mixings Sheme
In the ase of three neutrinos we an hoose parameterization of the mixing
matrix V in the form proposed by Maiani [12℄:
V =


1 0 0
0 cγ sγ
0 −sγ cγ




cβ 0 sβ
0 1 0
−sβ 0 cβ




cθ sθ 0
−sθ cθ 0
0 0 1

, (35)
ceµ = cos θ seµ = sin θ, c
2
eµ + s
2
eµ = 1;
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ceτ = cos β, seτ = sin β, c
2
eτ + s
2
eτ = 1; (36)
cµτ = cos γ, sµτ = sin γ, c
2
µτ + s
2
µτ = 1.
It is not diffiult to ome to onsideration of the ase of three neutrino
types νe, νµ, ντ .
For the first and seond families (at νe, νµ neutrino osillations) we get
cos θ = cos θνeνµ =
g1√
g21 + g
2
2
,
sin(2θ) =
2g1g2
g21 + g
2
2
. (37)
Then the probability of νe → νe is given by the following expression:
P (νe → νe) = 1− sin2(2θ)sin2(πt(m22 −m21)/2pνe), (38)
In the ase g1 ∼= g2
sin θνeνµ
∼= cos θνeνµ ∼=
1√
2
. (39)
For the first and third families (at νe, ντ neutrino osillations) we get
cos β = cos βνeντ =
g1√
g21 + g
2
3
,
sin(2β) =
2g1g3
g21 + g
2
3
. (40)
Then the probability of νe → νe is given by the following expression:
P (νe → νe) = 1− sin2(2β)sin2(πt(m23 −m21)/2pνe), (41)
In the ase g1 ∼= g3
cos βνeντ
∼= sin βνeντ ∼=
1√
2
. (43)
For the seond and third families (at νν , ντ neutrino osillations) we get
cos γ = cos γνµντ =
g2√
g22 + g
2
3
,
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sin(2γ) =
2g2g3
g22 + g
2
3
. (44)
Then the probability of νµ → νµ is given by the following expression:
P (νµ → νµ) = 1− sin2(2γ)sin2(πt(m23 −m22)/2pνµ), (45)
In the ase g2 ∼= g3
cos γνµντ
∼= sin γνµντ ∼=
1√
2
. (46)
So the neutrino mixings (osillations) appear due to the fat that at
neutrino prodution the eigenstates of the weak interations (i.e. νe, νµ, ντ
neutrino states) are generated but not the eigenstates of the weak inter-
ation violating lepton numbers (i.e. ν1, ν2, ν3 neutrino states). And when
neutrinos are passing through vauum they are onverted into superpo-
sitions of ν1, ν2, ν3 neutrinos and through these intermediate states the
osillations (transitions) between νe, νµ, ντ neutrinos are realized.
3 Conlusion
It is neessary to note that in physis all the proesses are realized through
dynamis. Unfortunately, in the standard theory of neutrino osillations
based on the masses mixings sheme (mehanism), the dynamis is absent.
Probably, this is an indiation of the fat that this sheme is inomplete
one, i.e., this sheme requires a physial substantiation.
In this work neutrino osillations generated by the weak interation
ouple onstant (harge) mixings where onsidered [4℄ (as it takes plae
in the model of vetor dominane [7℄ or in the eletroweak interations
model [8℄ at vetor boson mixings). Expressions for angle mixings and
lengths of osillations were obtained. The expressions of probabilities for
three neutrino osillations were given. Neutrino osillations in this sheme
(mehanism) are virtual if neutrino masses are different and realif neu-
trino masses are equal.
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